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From an ecological point of view, parasites are consid-
ered important selective forces that influence all aspects of a
host’s life. The presence of blood parasites, for example, affects
the temporal and spatial dynamics of bird communities (HOLMES

& PRICE 1986, HOLMES 1996). In birds, a decline in health nega-
tively affects survival, growth (ATKINSON et al. 2000) and conse-
quently reproductive success (HÕRAK et al. 1998, MARZAL et al.
2005, NORTE et al. 2009).

The physiological and biological parameters commonly
used to evaluate the health of a bird include hematological
exams that check the hemoglobin and hematocrit (for the evalu-
ation of anemia), the rate of leucocytes or white blood cells
(infection indicator), and the fraction of heterophile, lympho-
cytes (stress indicators), as well as weight and morphometric
measures. The hematological parameters listed above are widely
used to monitor the health of various species of poultry, and
are predictive of physiological changes caused by various stress
factors (FAIRBROTHER et al. 1990, MAXWELL 1993, MORENO et al.
2002, KILGAS et al. 2006).

Hemoglobin level indicates the oxygen-carrying capac-
ity of the blood (SMITH et al. 2000). In case of nutritional defi-
ciency or exposure to parasites, hemoglobin levels might be

reduced (COLES 1984). On the other hand, white blood cell
(WBC) counts are an indicator of the state of the immune sys-
tem: high values may indicate inflammation/infection, whereas
low values may indicate immunosuppression (CAMPBELL 1994,
1995).WBC also reflect nestling growth conditions related with
brood size (OTS & HÕRAK 1996) and food supply (DUBIEC & CICHOÑ

2001). The heterophil/lymphocyte (H,L) ratio is considered a
stress indicator (GROSS & SIEGEL 1983), given that stress acceler-
ates hormone secretion from the adrenal cortex, which is asso-
ciated with a decrease in lymphocytes and an increase in
heterophils (POST et al. 2003).

In addition to blood parameters, the health of a bird can
be evaluated through the rate of infection by hemoparasites.
Avian malaria is among the most prevalent infections and can
be caused by several Plasmodium protozoans, which are blood
parasites. Other common hemoparasite genera found in wild
birds include Haemoproteus Kruse, 1890, and Leucocytozoon
Sambon, 1908 (BENNETT & BORRERO 1976, HOPINKS et al. 1990,
GARVIN et al. 1993). Besides birds, Plasmodium spp. parasites also
infect reptiles and mammals, including humans, and can be
transmitted quite easily between different hosts through blood
and consequent inoculation of the infectious forms (VALKIUNAS
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2005). It is also known that the health parameters of birds os-
cillate among the different species according to natural factors
such as sex, seasonal cycles and climate (MORENO et al. 1998).
Among environmental factors, the breeding season and subse-
quent feather molt periods can significantly change the physi-
ological conditions of birds (FAIRBROTHER et al. 1990).

Bird health evaluation is commonly performed in spe-
cies of economic interest, especially in captive birds and poul-
try birds. Therefore, literature information dealing with the
health of wild birds remains limited. Most of the research per-
formed involving the health of birds in the wild has been con-
ducted in temperate environments (EEVA et al. 1997, FAIR &
RICKEFS 2002, QUILLFELDT et al. 2004, SHUTLER et al. 2004). Fewer
reports are available on the health of wild birds in the tropics,
especially in Brazil.

In this contribution we describe the results of a study on
the prevalence of species of one genus of hematozoa, Plasmo-
dium. We also describe the hematological parameters in a popu-
lation of the Pale-breasted Thrush, Turdus leucomelas, Vieillot
1818, inhabiting a Brazilian Cerrado. Additionally, we studied
the seasonal fluctuations in the prevalence of hematozoa and
variations associated with the breeding and molting periods.
This particular species was chosen because it presents a wide
geographical distribution in South America (SICK 1997), an as-
pect that makes it a good model for future studies.

MATERIAL AND METHODS

This study was carried out at the Parque Estadual Rio Preto
(PERPRETO), Minas Gerais, Brazil, from October to December
2006 (breeding season) and in March 2007 (molting season).
The park has a total area of 10,755 hectares and is located in the
city of São Gonçalo do Rio Preto, MG, 18°10’47”S, 43°21’0”W,
355 km northeast of Belo Horizonte and 57 km from Diamantina.
The vegetation of the park is dominatedby Brazilian Cerrado.

All bird species were captured using mist-nets, and each
received a metallic ring provided by CEMAVE/IBAMA (Ringer
License, 905905; Capture and Biological Material Collection
License, 158/06). Bird weight was measured using spring scales
(Pesola AG from Switzerland) of a 0.1 g of precision. Biological
measurements such as presence of feather molt and level of
the incubatory plate were also taken. A blood sample was taken
within 10 minutes of capture. All other procedures were per-
formed within 30 minutes after capture; each bird was released
near the place it was caught.

Individuals were considered to be in their molting pe-
riod when the following characteristics were present: body
molting, rectrices molting and flight molting. To confirm that
the feather change was not due to an occasional replacement
of feathers lost in an isolated event, the characters above must
occur symmetrically on both wings (the same remiges).

The incubatory plate reflects the period in which the bird
is incubating the brood. It was classified according to the Ring-

ing Manual of CEMAVE (IBAMA 1994) following a progressive
scale from 1 to 5 that characterizes the sequence of develop-
ment and regression events of the incubatory plate. Females were
considered as the individuals who had incubatory plate and eggs.

Approximately 70 ¼l of blood were taken from the bra-
chial vein of each bird into heparinized capillary tubes for later
analysis of hemoglobin concentration and hematocrit (%). Blood
smears were prepared using approximately 10 ¼L of blood that
was air dried, fixed in absolute methanol, and stained for 20
min in 10% Giemsa (Sigma Chemical Co., 21 St. Louis, Mis-
souri, USA) at pH 7.4. This material was later examined in the
laboratory using an optic microscope to quantify and classify
the leukocyte types (lymphocyte, heterophil, eosinophil, baso-
phil and monocyte) and to check for presence of hemoparasites.
The slides were exhaustively examined and parasite density was
quantified after examination of 200 microscopic fields (approxi-
mately 150 erythrocytes/field) at 1000x magnification under oil
immersion (RIBEIRO et al. 2005). With respect to the parasitic in-
fection rate, we used prevalence, which is an estimate of the
percentage of birds infected by Plasmodium spp. (BUSH et al. 1997).
The remaining blood sample (approximately 20 ¼l) was stored
at room temperature (22-25°C) in cell lysis solution (PROMEGA,
Madison, Wisconsin, USA) for approximately one day prior the
DNA extraction.

Hemoglobin concentration (g/L) refers to the hemoglo-
bin content in red blood cells, and was measured with the cy-
anmethemoglobin method at a wavelength of 540 nm (CAMPBELL

1994, 1995) using a commercial kit (Sigma Chemical Co., 21
St. Louis, Missouri, USA) in a spectrophotometer. The prepara-
tion of blood for storage included the centrifugation of the
capillary tubes at 1200 rpm for 10 min (at 4ºC) in order to
separate the plasma from the red blood cells. Hematocrit (%)
was measured as the percentage of the capillary tube occupied
by red blood cells in relation to the total length of the capillary
tube occupied by blood after its centrifugation.

With the hematocrit measurement results, it was pos-
sible to determine the globular hemoglobin concentration rate
(CHGM), which represents the volume occupied by the hemo-
globin in each red blood cell. This measure constitutes the most
exact index for anemia classification, as it does not require
erythrocyte counting in hemocytometers, a method that can
have an error of up to 20% (COLES 1984), CHGM = hemoglobin
(g/100ml) x 100/ globular volume (hematocrit).

White blood cell count (WBC) was estimated by count-
ing the number of white blood cells per approximately 10.000
red blood cells. Heterophil/lymphocyte ratio (H/L) was mea-
sured on the basis of the examination of 50 white blood cells
because the repeatability of measurements on 50 and 100 white
blood cells was 0.94 ± 0.01 (CAMPBELL 1995, SUTHERLAND et al.
2004). The Atlas of Hematology (LUCAS & JAMROZ 1961, MATOS &
MATOS 1988) was used for the identification of each cell type.

DNA samples were processed by nested PCR to amplify
genus-specific sequences of the small subunit ribosomal ribo-
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nucleic acid (18S SSU rRNA) genes of Plasmodium spp., as previ-
ously described (RIBEIRO et al. 2005). The presence of an approxi-
mately 240 bp final product was scored as a positive control of
infection. It is important to note that the nested PCR assay used
here cannot amplify DNA of the genus Haemoproteus and was
used to identify only Plasmodium species (RIBEIRO et al. 2005).

Descriptive statistics were used to compute proportions,
means, and confidence intervals. For data not conforming to a
normal distribution, nonparametric statistics were performed.
P values of < 0.05 were considered statistically significant.

The t-test was performed to evaluate significant hemato-
logical parameter differences between the two seasons (breed-
ing and molting) and the Mann-Whitney U-test was used for
the hemoparasitic parameters. Hematological parameters were
tested against weight and presence of plate using linear regres-
sion (ZAR 1998, DYTHAM 2003).

The Mann-Whitney U-test was used to compare haemato-
logical parameters between infected and non-infected individu-
als. All tests were performed using the Statistica 6.0 software.

RESULTS

A total of 31 Turdus leucomelas birds were captured, 18 in
the breeding season, and 13 in the molting season.

The hemoglobin measure (T20 = 6.208, p < 0.05) and the
CHGM percentage (T19 = 4.082, p < 0.05) were greater in the
breeding season than in the molting season. The hematocrit
percentage, as well as global and differential leukocyte counts,
did not significantly differ between seasons (Tab. I).

We found a positive relationship between weight and
both hemoglobin concentration (R2 = 0.15, P = 0.01) and CHGM
(R2 = 0. 23, p < 0.05, Fig. 1), as well as a negative correlation
between weight and hematocrit (R2 = 0.12, p = 0.03, Fig. 2). A
positive correlation was found between hemoglobin concen-
tration and incubatory plate (R2 = 0.22, p <0.01, Fig. 3).

Body weights were also positively correlated with the
plate values (R2 = 0.53, p < 0.05). This relationship was evident
in three individuals of T. leucomelas that were at the same time
the heaviest and had the highest plate values. These same in-
dividuals presented the highest CHGM rates together with a
low hematocrit.

Global leukocyte count was positively correlated with
hemoglobin rate (R 2 = 0.50, p < 0.05), CHGM percentage (R 2 =
0.60, p < 0.05) and weight (R 2 = 0.47, p < 0.05). No correlations
between other parameters and differential leukocytes count
were detected.

One of the birds captured in the breeding season had a
very red wound on one the wings. The stress rate (H, L) of that
bird was the highest found for both seasons (0.657, while the
sampled population average was 0.168). It also had the highest
hematocrit rate (56%).

Of the total 31 T. leucomelas individuals examined, 18
presented Plasmodium parasites, a 58% prevalence as detected

1

Figures 1-3. Linear regression between (1) log% CHGM and log
weight (R = 0.71), (2) of hematocrit and weight (R = -0.62) and
(3) hemoglobin concentration and the incubatory plate index (R
= 0.89) of individuals of T. leucomelas in Parque Estadual Rio Preto.

2

3

in parallel by microscopy and PCR. The breeding season had
the highest occurrence of Plasmodium infection, with 61.1% of
the T. leucomelas infected, whereas the molting season presented
an infection rate of 53.8%. No significant statistical difference
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was noticed between the periods. According to results of the
statistical analysis, the presence of T. leucomelas does not influ-
ence other hematological parameters.

DISCUSSION

Hemoglobin and CHGM levels were significantly higher
during breeding season. This probably occurs because there is an
increase in energy demand during the reproductive period (ovi-
position, incubation and parental care energy costs) and conse-
quently an increase of oxygen consumption and the need for
hemoglobin and CHGM to transport it. OTS & HÕRAK (1996), HÕRAK

et al. (1998) and KILGAS et al. (2006) also noticed that in the breed-
ing season the extra efforts result in an health aggravation.

During the breeding season, females were the heaviest in-
dividuals because their eggs were in the formation stage. Weight
had a positive correlation with global leukocyte rates. Females
under rising reproductive effort stress can have their health con-
ditions decreased and their H, L rates raised (MORENO et al. 2002,
WILLIAMS 2005). In the current study, an increase in H, L ratio
was not found for the breeding season, but higher global leuko-
cyte rates can also be an indication of female stress in this season
(CLINCHY et al. 2004). MACHADO-FILHO et al. (2010) found a signifi-
cant global leukocyte rate increase for Elaenia spp. (Tyrannidae)
in the breeding season. One of the individuals we analyzed can
serve as an example of the relationship between stress and high
global leukocyte rates: the highest leukocyte rate from our sample
population was measured in a bird that had a wounded wing
and tarsus, probably the result of a predator attack.

Females have a tendency to lower hematocrit values since
estrogen inhibits erythropoiesis (red blood cell synthesis). In
contrast, androgen, the male hormone, stimulates this process
(DAWSON & BARTOLOTTI 1997, PERRY et al. 2000). This probably
explains why the hematocrit rates decrease with an increase in
weight, because the heaviest individuals were females. It has
been previously reported that lower hematocrit values can oc-
cur due to a decrease in the number of erythrocytes (e.g. in
case of anemia or blood loss) (MATOS & MATOS 1988); but it can
also be related to hemoparasite infection, body injuries, stress,
intoxication (MATOS & MATOS 1988) or poor health conditions
caused by molting or migration (YOUNG et al. 1993). However,

we did not find any correlation between these parameters.
The prevalence of Plasmodium in the individuals studied

was considered high when compared with the results of studies
conducted in other tropical regions. FECCHIO et al. (2007), sam-
pling in the Brazilian Cerrado, found a prevalence of 1.4%. In
three different regions of Colombia, MATTA et al. (2004) also found
low Plasmodium parasitism rates in wild birds (2%). VALKIUNAS et
al. (2004) reported a similar result of 0.6% for wild birds in a
Puerto Rican conservation area. In these studies, only optic mi-
croscopy was used. The use of microscopy to diagnose chronic
infections with low level of parasitemia can underestimate para-
site presence (JARVI et al. 2002). Therefore, one of the factors that
might have contributed to the high infection rates found in the
Turdus leucomelas population in PERPRETO is the greater sensi-
bility and accuracy of the method that associates PCR and mi-
croscopic observation. In agreement with our results, RIBEIRO et
al. (2005) evaluated the Plasmodium prevalence in several wild
bird species from the Brazilian Atlantic Forest in the state of
Minas Gerais using microscopy and PCR, and found hemopara-
site occurrences of 7.3% and 34.3%, respectively.

SEBAIO et al. (2010) found 23.1% of T. leucomelas, and 44.4%
of T. rufiventris birds infected with Plasmodium. Their results are
similar to ours. Differences may be due to species-specific sus-
ceptibility to infection associated with genetics, behavior, expo-
sure to parasites (MARINI et al. 1996) and environmental (LEE et
al. 2006) factors. Species of Turdidae have a tendency to be more
susceptible to Plasmodium infection. According to VALKIUNAS

(2005) Turdidae is one of the families with the highest preva-
lence of infection among Holartic Passeriformes. One of the rea-
sons mentioned by the author is the size of individuals in this
family, which makes them more attractive and more convenient
for hematophagous vector feeding.

During the reproductive season, the prevalence rate
tended to be higher than in the molt season. If infection causes
a decrease in health a decrease in all hematological parameters
is to be expected in the breeding season. It has been postulated
that seasonal variation in hemoparasite prevalence is related
to intrinsic factors of the reproductive cycle (BENNETT et al. 1982,
DEVICHE et al. 2001, GARVIN & GREINER 2003). This occurs because
the greater effort and energy demands of the reproductive pe-
riod conflicts with the energy necessary to maintain the or-

Table I. T-test for the biological parameters (weight) and hematological (mean ± SD) of T. leucomelas in Parque Estadual Rio Preto, at
breeding season and molt season.

Parameters Breeding Molting t-test g.l. p

Weight (g) 68.22 ± 7.50 66.00 ± 4.10 0.935 28 0.357

Hemoglobin (g/100 ml) 14,75 ± 3.50 6.98 ± 2.20 6.208 20  < 0.001

Hematocrit (%) 44.0 ± 7.90 44.60 ± 5.60 0.199 20 0.843

CHGM (%) 35.44 ± 13.80 16.12 ± 5.70 4.082 19  < 0.001

Global Leucocyte (%) 15.82 ± 6.30 12.09 ± 4.90 1.653 26 0.110

Mean H/L (%) 0.17 ± 0.10 0.17 ± 0.10 0.088 26 0.930
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ganism, compromising the immune system and individual
health. Therefore, a rise in hemoparasitic infection is expected.
HÕRAK et al. (1998) noticed that an increase of brood size re-
sults in more energy expenditure and, as a consequence, brings
an immune system deficit. Similarly, VALKIUNAS (2005) suggested
that nesting females are less active on the nest and can be more
easily infected by vectors.

Our study does not confirm that hemoparasite infection
can cause changes in the hematological parameters of T.
leucomelas birds. The pathogenicity of blood parasites in wild
birds has been difficult to demonstrate because of the ability
of hosts to maintain infections below a threshold at which ef-
fects become apparent (MERINO et al. 2000, MARZAL et al. 2005).
However, due to the small sample size of the experiment and
large residual variation in some of the parameters, our results
must be interpreted cautiously. Knowing the extent to which
hemoparasite infection can cause changes in the hematologi-
cal parameters birds is important to fully understand the eco-
logical relationships and the impact of these infections on
natural bird populations in tropical environments.
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